MODERATI NG THE EFFECT OF ENDOTOXINS Field of the
invention 5 The present invention relates to a
nutritional approach for noderating the effect of
enterotoxins resulting frominfection by pathogens.
Background of the invention i0 Human and ani mal
gastrointestinal tract is at risk to devel op various
di sorders, including these caused by aging, viruses,
bacteria and/or their toxins or by physical and
chem cal abuses (%wathers There are severa

faM‘b‘P@Rém‘F@HE@W FENDOEOXBYbl e of alleviating

the synptons 15 of the various gastrointestinal-

di @g[pﬁ-rtﬁem@gmg,g others the indigenous flora, known as
m crobiota, plays an inportant role in nmodulating the

intestinal environnent. The non- pathogenic
5mi dhopigieghinvention rebatds b agruiritionsl@ppyoach farwodsratisg the effect of
pr eddtrofokiBSresdlia@aionahfevoh by bhiBogeRy. €bi ot i ¢ nol ecul es,
rel eased fromthe mcro-organi sns or taken with the
diet as food ingredients, present potential nmeans to
pr g@@ﬁ“‘%‘l‘“ﬁ"@é‘l"e@'&g‘t roi ntestinal disorders, 20
including C. difficile infection. It has been

1odemaﬂ1§ﬁ lafd @ﬂmﬁlhé’dstr&b{@é%ﬂaﬂ M8t | 13k RE e RlidpavAiBEY h@&&*ers,
G L8040 Bop ARk, Wt ot B i
[ sﬁ‘?dﬁhé‘al faP*b'*ﬁ% areiotershan conventional mice,

i ndi cating that indigenous mcro-organisms play 25 an
| MRt aRlseve RicloR o@the%fefs ' V%l&:heau@ cdﬁaﬁk‘ﬂ BEERAS P the symptoms
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d| a?‘if%‘&%{ Plays e igopergant lﬁlgtm mealé?tﬁts élf@. mfr«ﬁﬁ!éal Y OPH Pk non-
t heathogept owrse-orgdnisos késtding in thelpois pidvanl ais petiiotict lopethed fvith the
|S NbRBibSe mblBeuled, 1Sled¥bd gdim wnma,r@aﬁmpa; RRASHINGhY &ASE food
ag( ve
%k@feﬁt@y ?r?s%ntb go%nggl {'gll!aang Seit g’r geat t gras%gin@ﬁal 8Fore.f:rs

posi entl on or
2°dotnr°“§m5ﬁ'd%é’ ipfg¢tion 5 and 30 diarrhoea in adults or

infants. In addition RU 2168915 di scl oses the use of a

e &thas PEACILibnsEREPThhtSiukiEn RieOR B5ddA ekbdRlk I@%z iRbile Q&&I A

p ogp du&h@ﬁ%qgtemce;nd Iﬂﬁa\’%&m A ﬁﬂ&%}x@g dm@édlﬂ% epibr dg €S lsogafed

er as curln% preven
Frgventignal gGgeindt C?qﬁlgg’ﬁif uaw&rwaﬁplsms play
25peelplﬂepowtl rolehia G bdifielelsspogenesis rdinicald stoditse testiat mitditional
fi ebfodehesfut trédhenat d. RN SftubedNoBEA kIS diarBoed Iﬁcﬁdafe' th

' nfLﬁ&BﬁaQﬁlu& éG%EuJolzas @B%gm?tgx? MH@J Lﬁggglt&@e%fadﬁ& _nfans In

sent I nv

exE SRR R PR GOFH e 375t S o b bn shown o

have positive effects in the prevention or treatment of C. difficile-induced colitis and

30  diarrhoea in adults or infants. In addition RU 2168915 discloses the use of a meat
product comprising predetermined ratios of beef, pork, blanched beef liver, squash or
pumpkin, and butter as a curing or preventing food product against gastrointestinal
disorders in children and weak people. All the above observations indicate that the
field of nutritional intervention against C. difficile infection is still open.
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conposition to treat failure of gut epithelial
integrity and/or diarrhoea i nduced by enterotoxin-
produci ng pat hogens. 5 Detail ed description of the
invention In the present application, "oral
conposition” is intended to nmean any ingestible

The Q@S iidvietion reBtd toBNe ukkCoBydabtt Edtthttoifathe GRAPRGIE! (TNan &al

nutritiaonal. su ement ... or a.nedicine.. |t. | so be .
corigh ik R PO AT el B S B P e B fprigin
profiycingpafhnganded to be used in humans, frominfants or

pre-terned infants to elderly people, suffering from

the effects of enterotoxins resulting frominfection
Detaylepdeseriptiomof thetinventioh so i nt ended for pets,: such as

cats, dogs, fish, rabbits, mce, hansters and the
In th Resentapdlicabes “grehenmbsitorf’ dy ingnded aninpeanl anp gigagiblerceipdition,
andynyahs 2 neuidinabeoniposibes 2 netatignal supplemers heemedicae. It may also be
thegdiufant phygmedion! tisetmefitf for txample. Ent wteodaixd he used $n humans, from
infangss ol previgmed dnfanitn feeddérbynpeoyle pafiage frem thiheffects off Enjeetetins
resgljing fem infaetipn by lalidgens.He isvetoantesdst (bl retsponet oreatsf dogs, fish,
rabhit; @iges ddmyterssnd tha dike, pand fragra tpleyerdlynfoaiany avintaheing Bred by
hurgapsuelk @8 horses, does fordt skene olvp stsring &omi the offeqgani erteratoxins
resyiiegsfrom gxfectionpy pashwgese enzynmes produced by the

m croorgani sm The yeast extract nmay be an 20 extract
The tespn ‘Saest leairasty mey incdyde vths iwater-sofwble pontiph @f @fitolysed yeast, and
pregagblyatsintains yiamin Fe¢oaiplaxes itaiopsaiot encoypass theeitnoangenifnpand does
notyepEpripe th eenpymess ameducesl b theoniciogreBmisiBatheoyerstasxtragExnayalest an
extigh P S cabyroBeeds otgrevidiag kAm strmpia of Toviphley corfihecinlbeavailable
yeashgxgpctder yspdn the jpres¢n vt is BDdRngter Yeastt Extractsuprflied hy Becton
Digingen and GoHpay- beef , pork, lanb, 25 chicken and/or

turkey, among others. It may also be froma mxture of
The trem gheaf @xtedct el iriededto cover camaetseaf@ny medtt sugh kg besk, peile mb,
chiglten pa¢{ @ tukpY, ipEgemothersrilivoayaliodhs froamnaimedurp ofithe Appvexitadpheats.
In gy events ifi wilirevide efnkaast sitrakdny aminai acidh| and rearbon.edn exeatple of a
suifaple, epsamqreialivhayapisbiesmpat ekmace mriven in Ge BEs@H dnvgntidBee BD Bacto
Beghlixfraet supplipshy RagtopPigarspond§osioems on and Conpany. 30

The term "peptone” means any sol ubl e m xt ure of
Thy A URPOIH rBerIE Y Wpbleheixtyeeraf producisrgdnsed by the partiad jegzymatic
or 3y a)sisof proteirageant maeBdubheheies ofaroteipartingioi ce of

protein starting -2 material is not critical but

casein, whey and neat proteins are preferred.

Preferably, the peptones have nol ecul ar wei ghts of

| ess than 3 kDa An exanple of a suitable,

comercially avail abl e peptone for use in the present

invention is BD Bacto Peptone supplied by Becton

Di cki nson and Conpany 5




Ent erot oxi ns are bacterial exotoxins that have an
action upon the intestinal nucosa. They may be
produced within the intestine by pathogenic bacteri a.
Bacterial enterotoxins are potent nucosal inmmunogens
that activate both nucosal and system c i mmne
responses and thus are the cause of various diseases,
whi ch include food 10 poi soning, comon diarrhoea,
colitis, chronic inflammation and dysentery.

Ent er at.axi ns .al | ead to serious nucosal ul ceration,
oSS B il Pot ARREo T cAEe Pt BIPIelp o ayeteriear Probebly,
Toskerpepinanidect wolsws eeighisef ddss dnn Sddbnivaexaaplef a suitable,
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anit;ell:&kd)dﬂﬂhﬁ. seft@tidnl aGtikta@did. oRhOAh BAuce ﬁz@feriﬁﬂymmation, usually
ant . C . ese .
"o %gﬁhﬁﬁ%m c#r%#%&neda aFHIBLAE B ab SR reesivireys
doiPriat B PHEROD; FEfre prreesd dhearelssrg obseatput reurapgitidss,

20 whfddiwedhyirelease pf aytokines andepithetidl esll destrstioh bact eri a
include dostridiumdocile and d ostridium
pe?nﬁingegs and the coqpositions of the invention are
paf PHEFHS PISFtg@ay be pagt efdbp cogmepuhmiqifloranthaids faay bxist of the
t ogutrygthputdduafelc:fiost veleshand aotilethé balanké ofthd nick#lodGs disturbed
O e 0P e, R Ml Wi HEIORE BEAER) Yroad
su i S, »
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Examples of other enterotoxin-producing bacteria are E. coli, Leishmania donovari,
Vibrio cholera, Salmonella typhimurium, Shingellae, Aeromonas hydrophila,
35  Staphylococcus aureus, or enterotoxigenic Bacteroides fragilis (ETBEF).



causes enteritis by releasing two enterotoxins: toxin
A and toxin B. Both toxins have a potent cytotoxic
effect in humans but toxin Ais the main stinulator of
fluid secretion 5 (therefore diarrhoea) and intestina
i nflammati on. Toxin A binds on the surface of
epithelial cells.and it is internalised into the
cytoplasmin coated pits. Internalisation |leads to
disassenbly of actin stress fibers, disruption of the

n:a ed, adhesjo pl aque, ..openi_ng. of the
R R Rio o e Frenet Al oA E1Rghsa i Topriebsed
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RFE hgescheen mwwsion tieirion culgired, huibre epitelfaherlldines,
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relnggsla 0 %, ?2‘?2 Y aeur E) |v e cen u al
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et 3§£|PFPPE$66 thationg Abmqgelﬂﬁea?xmqgwe@ QQ562 g the/intestdies .
25 COX-2 is an enzyne catal yzing the synthesis of
prost agl Badhdis HhRAMR IRAENIAQL & @éfﬁages ca%&f %gg%%? ecr:ltenc

205 RN ol ikulof 1 8 Pl U SpiEmRis fom the
zoelaéf‘i‘ ‘%f"ﬁ}sdgg i sy Plaa?ﬁg;gm@ssd by pafhrzenic ma (inftading

huﬁﬁﬁm@@mmbq%ngﬁamen@mnmsbﬂﬁnﬂmand its genomc
pattern and the responsiveness of its gene expression
to different elenments, such as cAMP, NF-icB 30 and
GE gozl L-1 or TNF-a has been described. COX-2 is
25| i HRER b8 Fwer SAyAsheSmesisoR srosteglending ifieg asichidond apid.
r eS8t brpsvnaaybistigies for iGORN-2 nnvhitde dil®moAnmmg-ligolenic acid (20:3n:6)
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0.5 %yeast extract. Further, the conposition may

' n@bﬁd}? is linked to numerous inflammations, including allergic reactions and gut
inflammations. Among gut inflammations and disorders, wherein COX-2 activity is

involved, are -gastritis, inflammatory bowel disease, irritable bowel syndrome, or
35  intestinal cancers.

Preferably, the yeast extract is given in form of an oral composition comprising, in
volume, from 0.01 to 0.5 % yeast extract. Further, the composition may include



-4 peptones, preferably in an amount of 0.3 to 7%

Sui tabl e sources of peptones include whey protein and
an extensively hydrol ysed whey protein with an average
peptide size not greater than five amno acids is
particularly preferred although whey proteins wth a
degree of hydrolysis between 15 and 20% nay al so be
used. Meat proteins are 5 an alternative source of
pept ones and anong neat proteins, beef proteins are

preferred. Tq§¥conp05|t|§& may al so_incl ude neat
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30 Examples

The following examples are illustrative of some of the products falling within the
scope of the present invention and methods of making the same. They are not to be
considered in any way limitative of the imvention. Changes and modifications can be
35 made with respect to the invention. That is, the skilled person will recognise many
variations in these examples to cover a wide range of formulas, ingredients,
processing, and mixtures to rationally adjust the naturally occurring levels of the
compounds of the invention for a variety of applications.



variations in these exanples to cover a w de range of
formul as, ingredients, processing, and m xtures to
rational ly adjust the naturally occurring |evels of
the conpounds of the invention for a variety of
applications. -5 Exanple 1- effect of the conposition
on tight junctions and actin filanments Material and
nmet hods 5 The human colonic cell |ine T84 (ATCC,
CCL-248) was cultured in DMEM F12 1:1 suppl enented
with 20% FBS (Foetal Bovine Serum), 2 mM gl utam ne and
100 UM penicillin-streptonycin. Human primary skin
f i Fepplhdt-efiearof thewebipestitbnion tiZhvEnctiong phE068A FRehendst h
10% FBS and 100 U nl penicillin-streptonycin. 10 T84
no rs.were.seeded in 6-well inserts plates at
g\%itg%ﬁ‘ Pgtj‘f"?fsert and cultured during 3 weeks. The
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co¥EEPtions i on of 50Q ng/m . After 6 h, cells were
washed with PBS, fi xed with 3. 7% parafor mal dehyde,
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and cell rounding were assessed by fluorescent microscopy after labelling with 200

30  U/ml thodamine-labelled phallotoxin.
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Results

Toxin A affects tight junctions of epithelial cells, an effect which is measured by the

decrease of the transepithelial electrical resistance (TEER) of epithelial monolayers.
35  To assess whether MRS could counteract the virulence of toxin A, T84 monolayers

were exposed to toxin A in the presence or absence of the composition and TEER

were measured. Addition of 100 ng/ml toxin A to T84 monolayers resulted in a 3-fold

reduction of TEER control values after 6 h of incubation (309+8 vs. 985+49 Qom?).



Toxin A affects tight junctions of epithelial cells,

an effect which is neasured by the decrease of the
transepithelial electrical resistance (TEER) of

epi thelial nonol ayers. 35 To assess whether MRS. coul d
counteract the virulence of toxin A T84 nonol ayers
were exposed to toxin Ain the presence or absence of
the conposition and TEER were neasured. Addition of
100 ng/m toxin A to T84 nonol ayers resulted in a
3-fold reduction of TEER control values after 6 h of
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Similar results were obtained as with the 20% MRS solution.

Discussion

35  The mechanisms of the protective action observed here are not clearly elucidated and
probably are diverse. Toxin A induces polymerisation of actin ﬁléments, leading to
desegregation of cytoskeletal actin. Actin disruption is the cause of cell rounding,
observed in vitro, and increased permeability of the tight junctions. The toxin A effect



counteract toxin A partially preventing cytoskel etal
al terations and subsequent cell rounding, due to
actin desegregation. These experinments were then
repeated replacing the 20% MRS solution by a 30 20%
solution of a 0.5% solution of yeast extract. Simlar
results were obtained as with the 20% MRS sol uti on.
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surgical thread to form two intestinal loops with a 2 cm interval between them. One
loop was injected with 600 pl PBS as a control and the other with 600 pl PBS
30  containing 20 pg toxin A. The intestinal loop was then returned to the abdominal
cavity and the incision was sutured closed. Mice were allowed to recover and they -
were followed continously. Animals were euthanised after 4 h, the loops were isolated
and their weight to length ratio (in mg/cm) was recorded to estimate fluid secretion.
Loops were then washed twice with ice cold PBS, dipped in RNAlater™, flashed

35  frozen in liquid nitrogen and stored at -80° C.
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Results



conposition at two day interval. The day after the end
of treatnents, animals were anaesthetized with 30
ng/ kg of body wei ght sodi um pentobarbital and pl aced
on a 25 warm bl anket (37 C), under 0.8-3% i sofl uoran
anaesthesia for the whole duration of the operation.
The abdonen was opened by a mdline incision and the
di stal jejunum was exposed. Two 5 cmjejunal segnents
were doubly ligated at each end with surgical thread
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35

action of yeast extract is not due to an enzymatlc activity, which cleaves toxin A for two
main reasons: i) The solutions used were always autoclaved, which would lead to
disactivation of any enzymes, such as proteases, contained in the solution and ii) The
composition mixed and incubated with toxin A before being injected in the intestinal
loops of mice, could not inhibit intestinal fluid secretion. Therefore we do believe that
the protective activity of-yeast extract is due to the presence of free molecules in the
solution (e.g. aminoacids or peptides), which could bind on the toxin A receptor on the




intestinal mcrobiota. To determ ne whether the
conposition exerts its protective action by direct 20
i nactivation of toxin A the 20% MRS sol ution, or PBS
as a control, were mxed with toxin A1 h before
injecting the mxture in the intestinal [oops of m ce,
treated for a week with antibiotics. There was not a
significant difference recorded between control (PBS)
and the MRS-injected |oops at the |evel of toxin
A-induced fluid secretion. This result indicates that
. t Hntestivalrpithietial onelld elspresent bioding of &axin A hed did ativaionfof the
1 Qdnfllidy pafawdysdodive@Ct binding and inactivation of the
toxin, which could lead to either toxin- cleavage or
maski ng of the toxin-binding epitopes. Discussion The
VEsapglndostiedt efthp eompssition on Blee exprsssidurof @02 est i nal
5sfluid secretion induced by 30 toxin A Although not

Wlﬁ@ﬂeﬂﬁsﬁhﬂ&hp&und by theory, we believe that the
tective gctl on of \k%east extract is not due to an
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i niiasH At PRBS of 2 Sed. TRNA expr essi on was
assessed by RT-PCR Total RNA (1 g) was reverse
transcribed with 200 U of Superscript if' enzynme. A 10
400 bp fragnment of nouse COX-2 was anplified by PCR
usResgitss' - CACAGTACACTACATCCTGACC-3' as sense and 5' -

25 TQUGT @étkzire T ThEEC TORCT, Tirodm 18SbeA Al bISANS Golthi ABleSiated\ HHRD

b%eéfétﬁﬁgﬁrhtlso%pﬁéfed in the composition’s protective effect, COX-2 mRNA

expression was assessed by RT-PCR. Changes in COX-2 expression due to different

treatments were expressed relative to B-actin. Injection of 20 pg toxin A in the

intestinal loops of control mice resulted in a 3.6-fold increase of COX-2 mRNA

30  expression. Treatment of mice for one week with the MRS composition resulted in a

2-fold reduction of the COX-2 increase mediated by toxin A. Intestinal COX-2

- expression induced by toxin A was decreased by 2.3-fold umnder yeast extract

treatment. Neither MRS nor yeast extract alone significantly modified the basal levels

of COX-2 mRNA exp;ession. When given by gavage, the MRS and its component

35  yeast extract alone were also able to counteract the increase in COX-2 mRNA induced
by toxin A.
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actin, used as an internal control, was anplified from
the sane RT mx wth the 5 - ATOAGGTAGICTGICAGGT-3' as
sense and 5' - ATGGATGACGATATCCCT-3' 15 as anti sense
primers. To exclude DNA contam nation, PCR was
performed directly on RNA sanples. PCR products were
| oaded on 1% agarose gel, photographed, and pictures
~used for densitonetrical quantification of band
intensities. Normalization was perforned against the
expression of the internal control (3-actin: the
r atig¥ssip t he COX-2 and the corresponding f3-actin
mRNWhesi tggial A5 binds en dist epithelid delnit iexhovasoethd@e infdnanitipn,
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Wh 75t 1P Ol TBisSHRRECceRt e MRS and it's conponent 35 -
yeast extract alone were also able to counteract the
increase in COX-2 nmRNA induced by toxin A -to
Di scussion Wen toxin A binds on the epithelial cells.
it is shown to induce inflammtion, including
neutrophil mgration and enterocyte necrosis and
destruction of the villus. These effects are nediated
by the rel ease of sensory neuropeptides, such as
substance 5 P and cal citonin gene-rel ated pepti de,
follow ng the activation of sensory enteric .nerves.
In addition expression on the intestinal eplthel|un1of
NK- 1R the receptor for- SP significantly increases
both in animals and in humans infected with C _
difficile. Recent studies also proposed that toxin A
of C. difficile upregul ates expression-of
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COX-2 in the intestine. COX-2 is the inducible isoform
of the cycl ooxygenase 10 enzyne, which nedi ates
synt hesi s of prostaglandin E2 (PGE2) an agent known to
increase intestinal fluid secretion, which leads to
di arrhoea. Al though not wi shing to be bound by
Claimeory, we believe that yeast extract inhibits any of
t hese pat hways counteracting toxin AL Qur results
1. Usedofcyspe exirant iy dhesmaratactuses bf am biab corspasitipe ¢ itread| failure of gut
epitheljel imtegriydhdpredarrioexingudedbiuentdretpxin-proiduciegpativgds. due to
inhibition of toxin A-nediated 15 signalling, which
| eads to COX-2 activation if our solutions inhibit or
reduce binding of the toxin on its intestinal
2. Thegepoioglaim- 1| wheepia ithespathpgenUs €lastridjrmn dfficitex Croaicidivmper fiagens,
E. raliufeighmara dbonaanior Ebrie otholesd, t Samonedat pebimufian,| Jliagdlae,
Aergupnas dpiroptéla; Gephylatagrsi auyeus mdd/on endiretpxigrnécaBactstides dragyys.
ent er ot oxi n- produci ng pathogens. 5 2. The use of claim
3. Hheprodfany prepreling i gdpreinghapralsompeitipm campriseh frem 0.01 to 0.5%
by @lyae ofiydistigtiselr f ri ngens, E. coli Lei shnmani a donovani,
Vi brio cholera, Salnonella typhinurium_ Shingellae,
4. Titg useploand waesehygielaiphivieacin Sieppi powrastion Surkgry eapprisesigptenes,
pregeppbii I e sineieh peir@a B8 & D desolfmeagi | is. 3. The use of
any precedi ng clai mwherein the oral conposition
5. Brpr ofsdasm iy wheren G pegjows Bophydplysaies nfavhey prgteisyith an average
penide pigecal notimeater thep§ agéne agkds.any precedi ng cl ai m wherei n
t he oral conposition further conprises peptones,
6. Bheepssrofany Orecedine slipunthesm the ol Compesifiopogipler\comprigss meat
extict, migErahlyan gn 2oyt b fom B & B By YHempept ones are
hydrol ysates of whey protein with an average epti de.
7. BhieAge off any; precesingalam whesin the ayg] ¢renrastiensis ap pdipvantitn@ nygdisinal
regdmeniny precedi ng cl ai m wherein the oral conposition
further conprises nmeat extract, preferably in an
8. Bheotsae! g1y ¢f(d#ine 130 bowhagsip fhe sl gampositionThan if&st frmylp r an
entgREOERPHECTEl ai m wherein the oral conposition is an
adjuvant to a nedicinal 25 treatnent. 8. The use of
any of Clainms 1 to 6 wherein the oral conposition is
an infant fornula or an enteral conposition. 12
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